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The A2kMO3 (A: alkali-earth elements,
M: transition metals)-type compounds be-
long to a hexagonal class in Bravais lat-
tices. This system has two types of one-
dimensional chain sub-lattices of [MO3]
blocks and A ions, running along the c-
axis in the crystal structure. The atomic po-
sitions are incommensurately modulated
due to irrational-ratio periodicity of the
sub-lattices (c1/c2=k). Recently, we found
from static-magnetic measurements that
solid-solution phases Sr2k(Co1-xNix)O3
(k˜0.635, 0<=x<=1) can possess an unusual
high-valence (˜3.5+) state of the Co and Ni
ions throughout the x compositions. The
purpose of this experimental subject is to
make clear the true valence of the ions in
the Sr2k(Co1-xNix)O3 system, by precisely
analyzing the modulated crystal structure,
including oxygen positions.

Neutron diffraction data for the
polycrystalline samples with composi-
tions of Sr14Co11O33, Sr14Co8Ni3O33,
Sr9Co3.5Ni3.5O21 and Sr9Co2Ni5O21
were collected using the HERMES diffrac-
tometer (IMR, Tohoku Univ.) at room
temperature in a 2theta range from 7
to 157.95 degrees, in a step size of 0.05
degree. Incident thermal neutron beams
were monochromatized to a wavelength
of 1.8265 A with the 331 reflection of
a bent-crystalline Ge monochromator.
The modulated crystal structures of
Sr2k(Co1-xNix)O3 were analyzed by
the Rietveld method using a computer
software, PREMOS91 [1], on the basis of
a superspace-group approach. The ini-
tial structure model was constructed by
making reference to the structure model
proposed by Onoda et al. for Sr1.145TiS3
[2]. The super-space groups, P-R3m/1s

and R-P31c/111, were adopted for the
first- ((Co,Ni)O3) and the second- (Sr)
subsystems, respectively.

Figures 1 (a) and (b) show crys-
tal structures illustrated using the refined
structure parameters for the sample of
Sr14/11(Co8/11Ni3/11)O3 (Rwp=5.44%).
The (a) is a projection along the c-axis, and
the (b) is a projection perpendicular to the
c-axis of one of the [(Co,Ni)O3] chains and
the neighboring Sr atoms. The lattice pa-
rameters are a=9.4761(2) A, c1=2.54105(8)
A, and k(=c1/c2)=0.63505(5). The figure (b)
reveals sequence of the polyhedron types,
i.e. a trigonal prism (TP) and an octahedron
(Oh), around the Co and Ni atoms.

Figure 1 (c) shows Co,Ni-O distances
as a function of the internal forth co-
ordinate t’ for the (3+1)-dimensional
incommensurate structure model of
Sr14/11(Co8/11Ni3/11)O3. The O(+z) and
the O(-z) curves indicate oxygen atoms
above and below the Co/Ni atom along the
c-axis, respectively. The shaded area corre-
sponds to the TP sites, and the non-shaded
area to the Oh sites. The [(Co,Ni)O3] chain
comprises 27% TP and 73% Oh sites. The
figure (c) indicates that in most of the TP
sites, both the Co,Ni-O lengths, O(+z) and
O(-z), are simultaneously lengthened as
compared to those in the Oh sites. We also
analyzed occupancy probabilities of the Co
and Ni atoms at the M site, as a function
of t’. It was found that the Ni atoms prefer
the TP sites to the Oh sites, and that the
Co atoms are selectively situated at the Oh
sites. The bond valences were calculated
from the Co,Ni-O distances and the occu-
pancy probabilities. The values are ˜2.3+
for the TP sites and ˜3.4+ for the Oh sites on
average. It suggests that the high-valence
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state can appear exclusively at the Oh sites.
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Fig. 1. (a, b) Crystal structure of
Sr14/11(Co8/11Ni3/11)O3; (c) Co,Ni-O dis-
tances as a function of the internal forth coordinate
t’.


